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PL ASMID HAVING A FUNCTION OF T-VECTOR AND EXPRESSION 
VECTOR. AND EXPRESSION OF THE TARGET GENE USING THE 

SAME 

5 

TECHNICAL FIELD 

The present invention relates to a plasmid functioning as both a T-vector 
10 and an expression vector* Moreover, the present invention relates to an 
expression vector having a target gene inserted into the plasmid, and the expression 
of the target gene using the same. 

BACKGROUND ART 

15 

A typical method of expressing a target gene using a vector having the 
target gene inserted therein includes a method in which the target gene is amplified 
by polymerase chain reaction (PGR) and then inserted into the expression vector. 
The gene amplification product resulting firom this PCR has one additional 

20 nucleotide having a adenine base at the 3 '-terminal end, due to the terminal 
transferase activity of a Taq DNA polymerase used in the PCR reaction (Clark, 
}M.,Nucleic Acid Res., 16:9677, 1988). 

Owing to the specific characteristic of the gene amplification product, the 
gene amplification product should be subjected to a process of making its end blunt 

25 or cohesive by restriction enzyme or terminal transferase treatment, before it is 
cloned into a plasmid vector. Thus, there are problems in that the gene cloning 
requires several steps, has reduced efficiency and is difficult to perform. 

In order to overcome such problems and to easily clone the PCR 
amplification geiie product, a T-vector was developed, which is a linear vector 

30 containing one additional nucleotide having thymine bases at both 3 '-terminal ends. 
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As a mefhod of producing the T-vector, there is a method of artificially 
adding a nucleotide having thymine base at the 3'-end. Namely, the liner T-vector 
containing an additional nucleotide having a thymine base at the 3 '-terminal end 
can be constructed by a method where a cloning vector is cut with a restriction 

5 enzyme capable of making its end blunt, and the linear vector having the blunt end 
is added either with deoxythymidine triphosphate (dTTP) by means of a Taq DNA 
polymerase (Marchunk, D. et aly Nucleic Acid Res., 19:1154, 1991), or with 
dideoxythymidine triphosphate (ddTTP) by means of terminal deoxynucleotidyl 
transferase (Holton, T.A. etaL, Nucleic Acid Res., 19:1156, 1991). 

10 However, in this method, an incomplete T- vector having no additional 

thymidine nucleotide can be produced due to non-optimal reaction conditions or 
inactivated enzymes, since the T-vector is produced in a manner dependent on the 
activity efficiency of the terminal transferase. For this reason, this method has a 
problem in that the frequency of a self-ligated product that was not cloned in a 

15 cloning process is increased. Also, there is a problem in that a host cell is 
transformed with this product so that the cloning efficiency of the amplified gene 
product is reduced. 

As a second method of producing the T-vector, there is a method of using 
restriction enzyme AspEl (Yoshikazu, I. et al.y Gene, 130:152, 1993), Hphl 

20 (David, A.M. et al, Bio/Technology, 9:65, 1991), Mboll oxXcml, which can leave 
only one nucleotide having a thymine base at the 3'-terminal end, when digesting 
the gene with the restriction enzyme. 

In this method, an oligonucleotide is synthesized which was designed so 
that, when two restriction enzyme recognition sites to be used were arranged in 

25 parallel and the gene was cut with the restriction enzyme, only one thymidine 
nucleotide remains at the 3'-end of the cut vector. The synthesized 
oligonucleotide is inserted into a parent vector, and cut with the restriction enzyme, 
to produce a T-vector. However, this method has a problem in that it cannot be 
used when the restriction enzyme recognition sites are present in the parent vector. 
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An analysis based on pUC19 that is frequently used as the parent vector 
shows that Hphl and MboU recognition sites are present in seven places, 
respectively, an AspEl recognition site is present in one place and only Xcml 
recognition site is not present. Thus, many studies on the development of the T- 
5 vector using Xcml are being conducted (Kovalic, D. et aly Nucleic Acid Res., 
19:4560, 1991; Cha, J. et al. Gene, 136:369, 1993; Testoris, A. et al. Gene, 
143:151, 1994; Harrison, J. et al^ Anal. Biochem., 216:235, 1994; and Boroskov, 
A.Y. etal.Biotechniques, 22:812, 1997). 

Even in this case, however, there is a problem in that the difference in the 
10 distance of migration between an incompletely cut vector and a completely cut 
vector on agarose electrophoresis gel is too small, since a gene fragment, which is 
released when digesting the oligonucleotide with the restriction enzymes to 
produce the T-vector, is too small. Thus, even when only the completely cut T- 
vector is separated by a gel extraction method, tiie incompletely cut vector will also 
15 be present. As a result, since a portion of the vector, which was incompletely cut 
with the restriction enzymes, is used in cloning the amplified gene produce as it is, 
the self-ligated vector is foimd in transformed E. coli at high ratio so that the 
cloning efficiency of the gene amplification product is reduced. 

To overcome this problem, there have been continued efforts to develop a 
20 technology for producing a T-vector by which a gene fragment that was cut and 
separated on agarose gel electrophoresis can be clearly distinguished, the problem 
in that the incomplete vector is produced and thus only the vector where the 
amplified gene product was not cloned due to the self-ligation is transformed, can 
be solved, so that the ratio of the self-ligated vector found on transformation can be 
25 reduced, thereby increasing the cloning efficiency of the amplified gene product. 

Meanwhile, in general studies on the expression of large amounts of a 
target protein, a step of establishing an expression plasmid suitable for an 
expression system is first performed. In establishing the expression plasmid, the 
production of an oligonucleotide, which is used in amplifying a target protein gene 
30 to be inserted into a vector, comprises analyzing the base sequence of a gene 



3 



wo 2005/007858 PCT/KR2(M)3/002927 



encoding a target protein, and inserting restriction enzyme recognition sites, which 
are not present in the base sequence of the target gene. This facilitates the cloning 
of the amplified product into the expression vector. 

As a result, the produced oligonucleotide contains an extra oligonucleotide 

5 for adding the restriction enzyme recognition sites, in addition to the base sequence 
of the target gene, which is used as a template. For this reason, in amplifying the 
target gene by PGR using this oligonucleotide, there is a problem in that the 
efficiency which the oligonucleotide is annealed specifically to the target gene is 
lowered so that it is difficult to selectively amplify only the target gene. 

10 Furthermore, since the restriction enzyme recognition sites, which are inserted into 
the oligonucleotide used for gene amplification to facilitate the cloning, are located 
at both ends of the amplified target gene product, there is the problem of low 
digesting efficiency. 

Thus, to increase the efiSciency of a plasmid for the expression of a target 

IS protein, a method is proposed which comprises the steps of: cloning an amplified 
target gene product into a T-vector; selecting a T-vector clone containing the target 
gene; digesting the T-vector with restriction enzymes; and establishing a final 
plasmid using the cut T-vector. However, this method is inconvenient in that it 
requires a two-step process. 

20 In the case of expressing a target protein at large amounts, most of its 

purpose is the industrial production of the target protein in a more simple, efficient 
and economic manner, and thus, a need for the development of a gene expression 
system having excellent industrial usefulness, such as more stable gene otpression 
and cost saving, is continuously raised, and efforts for satisfying this need is 

25 continually jperformed. 

Accordingly, the present inventors have conducted intensive studies in an 
attempt to establish a final expression vector allowing the high-level expression of 
target proteins, only by simple T-vector cloning to express a target protein, and 
consequently, foimd that even when the target protein gene amplified by PGR is 

30 cloned into a vector for constitutive high-level expression by one-step cloning, the 
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high-level expression of the target protein gene would be possible, and also this 
vector could be very efficiently used in the expression of large amounts of target 
genes, such as the establishment of a whole expression system for microbial 
genomes, thereby perfecting the present invention. 

5 

DISCLOSURE OF INVENTION 

An object of the present invention is to provide a plasndd which functions 

as both a T-vector and an expression vector and is useful for the construction of a 
10 vector that expresses the gene of a target protein in a simple and rapid manner, and 

also to provide a producing method thereof. 

Another object of the present invention is to provide an expression vector 

having a target gene inserted into the plasmid, and also microorganisms 

transformed with the expression vector. 
15 Still another object of the present invention is to provide a method for 

expressing the target gene, which comprises culturing the transformed 

microorganisms. 

Fiuther another object of the present invention is to provide a vector library 
system, which expresses a large amount of target genes at the same time in an 

20 efficient and economic manner. 

To achieve the above objects, the present invention provides a plasmid 
wherein two restriction enzyme recognition sites into which a T-vector can be 
cloned are introduced at the downstream of a promoter of a vector that is constantly 
e>spressed at high levels regardless of the kind of a host cell, whereby the plasmid 

25 functions as both the T-vector and an expression vector and has the property of 
allowing the expression of a target gene to be examined only by one-step T-vector 
cloning. 

Preferably, the restriction enzyme recognition sites into which the T-vector 
can be cloned are selected from the group consisting of Hphl, MboU, AspEl and 



5 



wo 2005/007858 PCT/KR2003/002927 



Acml, and a polynucleotide is inserted between the two restriction enzyme 
recognition sites of the plasmid. 

When the plasmid according to the present invention is cut with the 
restriction enzymes, a nucleotide having thymine bases at both 3 '-ends of the 
S removal position of the inserted polynucleotide is exposed to function as the T- 
vector. 

In a preferred embodiment, the constitutive high-level expression vector is 
pHCE, and the present invention provides a plasmid (pHCE-FOREX) functioning 
as both a T-vector and an expression vector, wherein two AspEI restriction enzyme 
10 recognition sites are introduced at the downstream of the HCE promoter of the 
pHCE vector, and a polynucleotide having AspBl restriction enzyme recognition 
sites at its both ends is inserted between tiie two AspEl restriction enzyme 
recognition sites. 

Moreover, the present invention provides a constitutive high-level 
15 expression vector (pHCE-FOREX-T), which is obtained by digesting the plasmid 
pHCE-FOREX with an AspEl restriction enzyme, to remove the polynucleotide 
having AspEI restriction enzyme recognition sites at its both ends, and in which a 
nucleotide having thymine bases at both 3 '-ends of the removal position of the 
polynucleotide is exposed. 
20 Furthermore, the present invention provides a method for producing a 

plasmid ^HCE-FOREX) functioning as both a T-vector and an expression vector, 
the method comprising the steps of: (a) constructing pHCE-Ml which -^^pEI 
restriction enzyme recognition sites were removed by inducing point mutation in 
AspEl restriction enzyme recognition sites in a pHCE vector; (b) constmcting the 
25 pHCE-M2 by introducing two -^^pEI restriction enzyme recognition sites into the 
downstream of the HCE promoter of the pHCE-Ml vector by PCR using primers 
containing the AspEI restriction enzyme recognition sites; and (c) inserting a 
polynucleotide having AspEI restriction enzyme recognition sites at its both ends, 
between the two AspEI restriction enzyme recognition sites of the pHCE-M2 vector. 
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Also, the present invention provides an expression vector, which is 

obtained by digesting the plasmid with the restriction enzymes to remove the 

inserted polynucleotide, and then inserting a gene encoding a target protein, into a 

position from which the polynucleotide was removed. 
5 Also, the present invention provides an expression vector wherein a gene 

encoding a target protein is inserted into the constitutive high-level expression T- 

vector (pHCE-FOREX-T). 

The target protein-encoding gene is preferably a gene amplified by PGR. 

Also, the gene is preferably a PGR product amplified by using a primer having the 
10 amino terminal end of ATG, and a primer specific to the base sequence of the gene, 

and an Ndel restriction enzyme recognition site is preferably formed in the gene 

insertion position. 

Furthermore, the present invention provides noicroorganisms transformed 
with the expression vector, and also a method for expressing a target protein, which 
1 5 comprises culturing the transformed microorganisms. 

Moreover, the present invention provides an expression vector library, 
wherein the library of various genes is inserted into the plasmid, and also provides 
an expression vector library wherein the library of various genes is inserted into the 
high-level expression T-vector (pHGE-FOREX-T). 
20 In addition, the present invention provides a method for determining the 

cloning of a target gene, the method comprising the steps of: (a) transforming 
microorganisms with the expression vector library; and (b) culturing tiie 
transformed microorganisms. 

The inventive method for determining the target gene cloning preferably 
25 additionally comprises the steps of: separating a plasmid after the step (b); and 
digesting the plasnndd with an Ndel restriction enzyme. 

Hereinafter, the producing method of the high-level expression T-vector 
(pHCE-FOREX-T) according to the present invention, and the expression method 
using the T-vector, will be described in detail according to each step. 
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Step 1: Production of pHCE-Ml containing two AspEl restriction enzyme 
recognition sites 

In order to produce a T-vector using, as a basic framework, a constitutive 
high-level expression vector (pHCE DNA vector; PERM P-17814) having a high- 
5 level constitutive promoter and a multicloning site useful for subcloning, point 
mutation was induced in AspEl restriction enzyme recognition sites present in the 
pHCE vector, to produce pHCE-Ml which the restriction enzyme recognition sites 
were removed. 

By PGR using a primer containing two AspBl restriction enzyme 
10 recognition sites, pHCE-M2 where the two AspEl restriction enzyme recognition 
sites have been introduced at the downstream of the HCE promoter of the pHCE- 
Ml was produced. 

Step 2: Production of plasmid (pHCE-FOREX) for constitutive high-level 
expression T-vectors 

15 By PGR using a primer containing AspEI restriction enzyme recognition 

sites, about 800-bp polynucleotide having AspEl restriction enzymes at its both 
ends was obtained. It was inserted into the AspEl restriction enzyme recognition 
sites of the pHGE-M2, to produce a plasmid (pHCE-FOREX) for constitutive high- 
level T-vectors. This facilitates the separation of a DNA fragment in the 

20 subsequent conversion into a T-vector. 

Step 3 : Conversion of plasmid (pHGE-FOREX) for constitutive high-level 
expression vectors into constitutive high-level expression T-vector (pHCE- 
FOREX-T) 

The plasmid was separated from the E. coli transformed with the plasmid 
25 (pHGE-FORE^O for constitutive high-level expression T-vectors, and cut witii an 
AspEl restriction enzyme. The cut plasmid was developed on agarose gel by 
electrophoresis, thereby obtaining a constitutive high-level expression T-vector 
(pHCE-FOREX-T) of about 3,000-bp containing a nucleotide having thymine 
bases at both 3 '-ends of the gene remaining after the separation of about 800-bp 
30 polynucleotide. 
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Step 4: Cloning and high-level expression of a gene encoding a target 

protein 

A gene encoding a target protein was amplified by PGR, and ihen cloned 
into the constitutive high-level expression T-vector (pHCE-FOREX-T). The 

5 high-level expression T-vector having the target gene inserted therein was designed 
so that if the start codon of an amino-terminal primer for amplifying a gene 
encoding a target protein is made of ATG, when T-vector cloning and then forward 
insertion are performed, an Ndel restriction enzyme recognition site is produced 
such that it can be easily examined whether the cloning is successful. 

10 If the gene to be expressed in the forward direction is inserted as described 

above, the over-expression of a target protein can be confirmed without treatment 
with an expression inducer, at a given time after culturing the transformed E. coli 
with this plasmid. 

The plasmid for high-level expression T-vectors of the present invention 
15 can be easily converted into a high-level expression T-vector by separating the 
plasmid from E. coli transformed with the plasmid for T-vector, digesting the 
separated plasmid with an AspEl restriction enzyme, and then separating and 
purifying tiie rest portion of the plasmid excluding a polynucleotide portion of 
about 800 bp. Also, the plasmid has an excellent storage property such that it can 
20 be stored in a form transformed into E. coli. Furthermore, it allows the 
examination of expression even when a gene encoding a target protein to be 
expressed is cloned only by one step. This indicates that the plasmid also has an 
advantage as a system that can express a target protein regardless of the kind of a 
host cell. 

25 Furthermore, in establishing a system expressing large amounts of target 

genes at the same time, the plasmid system according to the present invention 
shows a far superior efficiency to other existing systems. This is an advantage 
that can be possessed only by the inventive plasmid system in which the expression 
plasmid produced by T-vector cloning utilizes a constitutive high-level expression 

30 promoter, and can be expressed regardless of the kind of a host cell, and thus 
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allows the immediate examination of expression in a transfomiant obtained by one- 
step cloning. Owing to this advantage, the efficiency of establishment of a 
microbial genome expression system can be significantly improved. 

5 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an agarose gel electrophoresis photograph for a DNA fragment 
obtained by digesting a plasmid (pHCE-FOREIX^ for high-level expression T- 
vectors with AspEl. 

10 FIG, 2 is a schematic diagram showing a novel high-level expression T- 

vector (pHCE-FOREX-T) according to the present invention, 

FIG. 3 is an agarose gel electrophoresis photograph for hTNF-a amplified 
byPCR. 

FIG.4 is an agarose gel electrophoresis for DNA fragments obtained by 
15 digesting 12 colonies with an Ndel restriction enzyme, in which the colonies were 
randomly selected for the examination of the cloning using a high-level expression 
T-vector. 

FIG. 5 is an SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
photograph for proteins obtained from 12 transformants selected for the 
20 examination of cloning. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will hereinafter be described in further detail by 
25 Examples. It will however be obvious to a person skilled in the art that these 
Examples are given for illustrative purpose ojily, and the scope of the present 
invention is not limited to or by these Examples. 

In the following Examples, although pHCE was particularly used as a 
constitutive expression vector, any vector may be used without limitation if it is a 
30 vector that is expressed regardless of the kind of a host cell. 
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Also, in the following Examples, although two AspEl recognition sites 
were introduced at the downstream of the HCE promoter of pHCE, it will be 
obvious to a person skilled in the art that in the case of the vector being cut with a 
restriction enzyme, such as Hphl^ Mboll or Xcml^ introducing the recognition site 
5 of a restriction enzymes, such as Hphl^ Mboll or Xcml having nucleotide with 
thymine bases at both 3 '-ends exposed, can provide the same result However, if 
the restriction enzyme recognition site is present in the constitutive high-level 
expression vector, such a site should be removed by mutation. 

10 Example 1: Production of plasmid for constitutive high-level 

expression T-vectors 

In order to remove an AspEl restriction enzyme recognition site present in 

tiie existing pCHE vector, point mutation was induced in the AspEl restriction 

enzyme recognition site by PGR using the primer of SEQ ID NO: 1 below, thereby 
15 producing pHCE-Ml which the restriction enzyme recognition site have been 

removed. 

5'-GCCTGGCTCCCCGTTGTGTAGATAAC-3' (SEQ ID NO: 1) 

In tiie PGR, 50 ng of a constitutive high-level expression vector (pHGE 
DNA vector) as a template, 10 pmol of the primer of SEQ ED NO: 1, and 2 units of 
20 ExTaq DNA polymerase (TaKaRa, Japan), were added to 50 jal of a reagent 
composition containing lOmM Tris HGl (pH 9.0), 1.5 mM magnesium chloride, 50 
mM potassium chloride, 0.1% Triton X-100 and 150 jxM of four kinds of 
deoxynucleotide triphosphates (dATP, dTTP, dGTP, dGTP), and then, 30 cycles of 
PGR amplification, each cycle consisting of changes of temperature, 30 seconds at 
25 94 °G, 30 seconds at 50 ""C and 3 minutes at 72 ""G, were performed in a PGR 
reactor (iGycler, BIO-RAD, USA). 

Thereafter, in order to introduce AspBl restriction enzyme recognition sites 
at the downstream of the promoter of pHCE-Ml, PGR using primers of SEQ ID 
NOS: 2 and 3 containing an AspEl restriction enzyme recognition site (5'- 
30 GAGNNN4<NNGTG-3') was performed to produce pHGE-M2 where two AspEl 
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restriction enzyme recognition sites were introduced at the downstream of the HCE 
promoter of the pHCE-ML In the following primer base sequences of SEQ ID 
NOS: 2 and 3, the restriction enzyme recognition sites are underlined portions. 
S^TCC GACATATGGTCA TCTCCTTCGGTATATCTCCTTT^ 
5 (SEQ ID NO: 2) 

S*>G GACTTAAGGTCG GATCATTAGTTCCGCGTGGC-3^ (SEQ ID NO: 3) 
In the PGR, the pHCE-Ml as a template, 10 pmol of the primers of SEQ ID 
NOS: 2 and 3, and 2 units of ExTaq DNA polymerase (TaKaRa, Japan) were added 
to the same reagent composition used as in the above PGR, and then 30 cycles of 
10 PGR amplification, each cycle consisting of changes of temperature, 30 seconds at 
94 °C, 30 seconds at 50 ""C and 3 minute at 72 *^G, was performed. 

In order to make DNA separation easy in converting the plasmid pHCE- 
M2 obtained as described above into a T-vector, a 800-bp DNA amplification 
product having AspBI restriction enzyme recognition sites at its both ends was 
15 inserted between the two AspEl restriction enzyme recognition sites, thereby 
producing a plasmid (pHCE-FOREX). This 800-bp DNA amplification product 
was obtained by PGR using the primers of SEQ ID NOs: 4 and 5 containing AspBl 
restriction enzyme recognition sites. In this PGR, the same reagent composition 
as used in the above PGR was used, and 30 cycles of PGR amplification, each cycle 
20 consisting of changes of temperature, 30 seconds at 94 **G, 30 seconds at 50 and 
1 minute at 72 ^G, was performed in a PGR reactor (iGycler, BIO-RAD, USA), 
5'-GAGGATATGTGGAAAGTTTATATTAGTGGAG-3' (SEQ ID NO: 4) 
5'-GAGGTTAAGTGGAGTTAAAAAGTGGAATATTGG-3' (SEQ ID NO: 5) 
The produced plasmid pHGE-FOREX for constitutive high-level 
25 expression T-vectors functions as both a T-vector and an expression vector. 

Example 2; Conversion of plasmid for T-vector into T-vector 

In order that the plasmid (pHGE-FOREX) for constitutive high-level T- 
vectors obtained in Example 1, into which the 800-bp DNA fragment containing 
30 the AspBI restriction enzyme recognition sites at its ends have been cloned, is 
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converted into a T-vector, fhe plasmid for T-vectors^ which have been separated 
and purified to high purity, was treated with an AspEl restriction enzyme (10 units 
per 3 DNA) at 37 for 6 hours, and tihten electrophoresied on 1% agarose gel 
(Fiai)- 

5 In FIG. 1, the first lane represents a 1-kb plus DNA ladder (Promega Co. 

USA), and the second lane represents the positions of a T-vector and gene resulted 
from tiie treatment (two-step digesting) of die plasmid (pHCE-FOREX) 
constitutive for high-level expression T-vectors with AspBl. As shown in FIG. 1, 
it could be found that when the plasmid pHCE-FOREX for T-vectors was cut two 

10 times with the AspEl restriction enzyme, the difference in the distance of migration 
on agarose gel between the cut polynucleotides was significant. This indicates 
that the DNA fragment for T-vectors can be easily separated. The T-vector DNA 
fragment of about 3,000 bp cut upon treatment with AspEl was purified with a gel 
purification kit (Bioneer, Korea), and then used as a T-vector (pHCE-FOREX-T). 

15 FIG.2 is a schematic diagram showing the structure of pHCE-FOREX-T that is a 
new, constitutive high-level expression T-vector. 

Example 3; Cloning using T-vector (pHCE-FOREX-Tt converted from 
pHCE-FOREX 

20 In order to verify the cloning efficiency of the T-vector (pHCE-FOREX-T), 

which have been converted by treating the plasmid (pHCE-FOREX) for 
constitutive high-level expression vectors with restriction enzyme AspEl^ a human 
tumor necrosis factor-a (hTNF-a) gene was amplified by PGR, and then cloned 
into the T-vector. 

25 To amplify the hTNF-a gene, the primer of SEQ ID NO: 6 having ATG 

inserted into a firagment of the gene, and the base sequence-specific primer of SEQ 
ID NO: 7, were designed, 

5'-ATGGTCAGATCATCTTCTC-3' (SEQ ID NO: 6) 

5'-CAGGGCAATGATCCAAAG-3' (SEQ ID NO: 7) 
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Next, 10 pmol of the primers of SEQ ID NOS: 6 and 7, and 2 units of 
ExTaq DNA polymerase (TaKaRa, Japan), were added to SO ^1 of a reagent 
composition containing 10 mM Tris HCl (pH 9.0), 1.5 mM magnesium chloride, SO 
irM potassium chloride, 0.1% Triton X-100, and 150 |iM of four kinds of 

S deoxynucleotide triphosphates (dATP, dTTP, dGTP, and dCTP), and then, a 30- 
cycle PGR was performed, each cycle consisting of changes of temperature, at 94 
""C for 30 seconds, at 52 ""C for 30 seconds, and at 72 "^C for 40 seconds, in a PGR 
reactor (iCycler, BIO-RAD, USA). 

The gene amplification product was analyzed by electrophoresis on 1% 

10 agarose gel, and then purified with a gel purification kit (Bioneer, Korea) (FIG, 3). 
In FIG. 3, the first lane represents a l-kb plus DNA ladder (Promega Co. USA), 
and the second lane represents the purified hTNF-a gene amplification product 
with the size of 472 bp. SO ng of the T-vector prepared in Example 2, and the 
amplified and purified hTNF-a gene amplification product, were ligated with each 

15 other by 5 units of a T4 DNA ligase (TaKaRa, Japan), and introduced into E. coli 
JM109. The transformed E. coli was cultured in 5 ml LB medium, and then, the 
plasmid was separated and examined whether the hTNF-a was cloned into the 
plasmid. 

12 colonies that have been randomly selected firom the obtained 
20 transformants were analyzed and the result showed that the hTNF-a was inserted 

into all the colonies. This indicates that the plasmid has high cloning efficiency. 

When cloning a gene amplification product with a primer having an ATG starting 

codon, if the gene is inserted into a HCE promoter in the forward direction, an Ndel 

restriction enzyme recognition site is produced. Using this fact, the cloning 
25 direction was examined by Ndel restriction enzyme digesting, and the result 

showed that 6 colonies out of the 12 colonies were cloned into the HCE promoter 

in the forward direction (FIG. 4). 

In FIG. 4, the first and ninth lanes represent a l-kb plus DNA ladder 

(Promega Co. USA), the second lane represents a control group for the comparison 
30 between DNA sizes, which is pHCE-FOREX cut with EcdKL having only one 
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recognition site, and the ^rd to eighth lanes and the tenth to fourteenth lanes, 
represent DNAs that were obtained from the 12 colonies, cut with a Ndel restriction 
enzyme and developed. In the case of six colonies developed on the fifth, seventh, 
eighth, twelfth, thirteenth, and fourteenth, a single DNA fragment of about 3.5 kb 
S cut with Ndel was observed. This indicates that, in these six colonies, hTNF-a 
was cloned into T- vector in the forward direction. 

Example 4t Conflrmation of protein expressed from cloned gene 
ampliflcation product 

10 In the six colonies examined by the Ndel restriction enzyme treatment, a 

gene encoding hTNF-a was inserted into the HCE promoter in the forward reaction. 
Thus, using the characteristic as an e?q>ression vector of the inventive T-vector, the 
expression of hTNF-a can be examined directiy without a re-cloning process or 
transformation into odier host cells. 

15 The 12 colonies found to have been cloned were cultured in LB medium 

for 20 hours, and then, each 10 |xg of a protein obtained from each of the cultured 
cells was separated by 12% SDS-PAGE, stained with dye (Brilliant Blue R250) and 
examined whether hTNF-a was expressed or not (FIG. 5). 

The results showed that the band of highly expressed hTNF-a was found in 

20 tiie fourth, sixth, seventh, twelfth and thirteenth lanes, and in S colonies out of the 
six colonies where the gene have been inserted into the HCE promoter in the 
forward direction, the high-rlevel expression of the gene was successful. In FIG. 5, 
the first and eighth lanes represent a low molecular weight marker (Amersham, 
USA), and the second to seventh lanes and the ninth to fourteenth lanes represent 

25 10 |Lig of the developed protein resulted from the culturing of the 12 transformants 
obtained as described above. The order of development of the test groups was the 
same as that in FIG. 4. 



While the present invention has been described in detail with reference to 
30 the specific features, it will be apparent to those skilled in the art that this 
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description is only for a preferred embodiment and does not limit the scope of the 
present invention. Thus, the substantial scope of the present invention will be 
defined by the appended claims and equivalents thereof. 

INDUSTRIAL APPLICABILITY 

As described and proved in detail above, the inventive plasmid functioning 
as both the T-vector and the expression vector is easily converted into the T-vector, 
and allows target protein expression to be examined by one-step cloning. 
Particularly, the AspEl restriction enzyme recognition sites in the inventive plasmid 
are placed at intervals of about 800 bp to make the distinction between cut vectors 
easy upon restriction enzyme digesting, and the inventive T-vector is in the form of 
a plasnoid and thus has an excellent storage property. 

Furthermore, tihie inventive expression vector has a very efficient property 
that allows target protein expression to be examined only by one-step cloning 
without a need for re-subcloning, so that it can be widely used in the cloning of a 
gene encoding a target protein to be expressed. Particularly, according to the 
present invention, expression plasmids for large amounts of target proteins can be 
produced at the same time, the present invention can be applied to the short-term 
establishment of expression systems for certain microbial genomes and gene 
groups. Moreover, since the inventive vector is the expression vector of a 
constitutive high-level expression system, it does not require treatment with an 
expression inducer, has a very high usefulness as a vector bound to an expression 
system, which does not require specific host cells. 
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